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PREFACE

The total column amount of atmospheric ozone averaged over the globe is
about 0.3 atm-cm, which is less than 10°® of the atmosphere. Fifteen years
ago, the major interest in total ozone was as a meteorological parameter.
Today 1ts spatial and temporal variability on climatological time scales
(greater than one month) is a subject of renewed interest because of possible
changes related to man’s activities, its possible importance as a factor in pro-
ducing climate change and its filtering properties of biologically active solar
ultraviolet radiation.

This atlas covers the entire period of regular observations with the Back-
scattered Ultraviolet (BUV) instrument on Nimbus-4 from April 1970 through
December 1976. This volume is the first of a series of ozone climatological
atlases based upon observations with the BUV technique which began on
Nimbus4, and was continued on the Nimbus-7 satellite by the Solar Back-
scattered Ultraviolet and the Total Ozone Mapping Spectrometer (SBUV/
TOMS) instruments.
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INTRODUCTION

Atmospheric ozone has been known for years to be a highly variable quantity, both spatially and
temporally, as demonstrated in the review by Dutsch (1971). Prior to the 1970s, little emphasis was
placed on the determination of long-term trends in atmospheric ozone or the question of whether
or not long-term changes are a manifestation of natural variability or are related to human activities.
The need for early detection of trends in ozone resulting from human activities has been well docu-
mented in the scientific literature and will not be discussed here. In the coming years, it is quite
likely that ozone will become increasingly important as an atmospheric parameter used to investigate
the mechanisms of climate change.

This atlas presents monthly contours of total ozone and tables of gridded values (10° latitude by
20° longitude) derived from an objective analysis of Nimbus-4 BUV data. The page format is
similar to that of the Atlas of the Global Distribution of Total Ozone, July 1957-June 1967 (Lon-
don et al., 1976), which was derived from a subjective analysis of data obtained from the ground-
based international ozone network.

While the formats of the two atlases are similar, the ozone distributions may not be, for a variety
of reasons. Initial differences between the satellite and ground-based observations may arise from
the ozone absorption coefficients, since the two observing systems use different wavelengths. Spatial
differences are present because of calibration differences between the ground and satellite systems
and also because of interstation calibration differences of the instruments of the ground-based
network. Spatial inhomogeneity of the ground-based network may also be important, especially
in the southern hemisphere.



Time-dependent biases between the ground and satellite systems are due principally to unknown
changes in the satellite instrument system sensitivity with time. Initially the satellite-borne BUV
instrument returns a value of total ozone, approximately 3 percent lower than the Dobson instru-
ment. This bias increases at the approximate rate of 1/2 percent per year.

OBSERVATIONS WITH THE SOLAR BACKSCATTERED ULTRAVIOLET TECHNIQUE

The basic instrument described by Heath et al. (1970, 1973), which is shown in Figure 1, consists of
a tandem Ebert-Fastie monochromator that samples the 12 wavelengths every 32 seconds between
255 and 340 nm. A separate photometer with the same instantaneous field of view (IFOV) as the
monochromator measures the surface reflectivity at 380 nm in a wavelength region free from ozone
absorption, coincident with measurements of each of the 12-ozone sounding wavelengths. One mea-
surement cycle of 32 seconds will produce about 100 soundings per daylight portion of the orbit.

Scattering of ultraviolet solar radiation (250-340 nm) back into space by the terrestrial atmospheric
system is governed principally by Rayleigh scattering from the molecular constituents in the atmo-
sphere, absorption by ozone, and reflections from lower boundaries such as clouds, aerosols and the
surface of the earth. In general, approximately 80 percent of the column ozone amount resides above
the tropopause and 90 percent of the atmosphere below it. This approximate layering of ozone
above most of the atmosphere leads to a much simpler algorithm for the inference of atmospheric
ozone from space observations of the ultraviolet terrestrial albedo than if most of the ozone resided

in the troposphere.

The weighting functions for a midlatitude ozone distribution of 0.350 atm-cm total column amount
is shown in Figure 2 for solar zenith angles of 0° and 77°. The upper portion of the weighting func-
tions results from Rayleigh scattering by air molecules in an exponential atmosphere. The lower
portion of a weighting function is determined by ozone absorption of Rayleigh-scattered solar
radiation.

The four longest wavelength contribution functions shown in Figure 2 peak in the troposphere and
hence can be used to infer total ozone. The essential feature of the total ozone algorithm is the
pairing of a strongly absorbing wavelength separated by about 20 nm from a weakly absorbing wave-
length. This tends to minimize wavelength-dependent errors due to imperfect knowledge of the
scattering properties of the atmosphere. From a knowledge of the solar zenith angle 6 o> the surface
reflectivity R and the pressure at the reflecting boundary, the ozone column amount is obtained
from a precomputed table of albedoes based on a scheme originally proposed by Dave and Mateer
(1967), used by Mateer et al. (1971) and subsequently updated by Klenk et al. (1982).

The calculation of the tables included multiple scattering of seven orders with an extrapolation for
higher orders. The molecular anisotropy or depolarization is included in the total scattering cross
sections via the tables of Penndorf (1957). Assumptions include Lambertian lower boundary reflect-
ing surfaces, plane parallel atmosphere, but with a spherical atmosphere correction. Ozone absorp-
tion coefficients based on the measurements of Inn and Tanaka (1953) have been weighted over the
slit function of the BUV and SBUV instruments by a technique described by Klenk (1980).
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Figure 1. Optical diagram of the BUV photometer and monochromator.
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The standard tables are constructed from 21 climatological profiles. Values for the albedo are de-
rived for reflecting surface pressures of 1.0 and 0.4 atm for 10 values of the solar zenith angle from
0to 85.7°.

The total backscattered radiance, I, at wavelength A for units of incident solar flux has been given
by Dave (1964):

TQ,0,,P,, 2SR

_ P,Q,S) +
\IIIV(}\,GO,R,PO,Q,S) IO (7\,60: 0° ) 1 — RSP O\’PO’S’Q)

where 00 is the solar zenith angle at the point of observation, P0 is the effective pressure of the
lower bounaary reflecting surface, T is the atmospheric transmittance, S® is the atmosphere-to-
surface backscatter function and R is the surface reflectivity. The symbol S signifies the depen-
dence on ozone profile shape. At wavelengths outside the region of ozone absorption, the mea-
sured albedo can be used to infer the surface reflectivity. In the BUV instrumentation flown on
Nimbus-4, a photometer was centered at 380 nm and on Nimbus-7 at 343 nm for this purpose.

A quantity called the N-value is used in the algorithm where N = -100 log , I/F, which for the
wavelength pairs becomes

_ , . II Fn
Npair =N -N" = —loglo—FT———-F

where the primes denote respective members of the wavelength pair. The two wavelength Npair
is interpolated with respect to theoretical N-values to obtain total ozone. The two wavelength pairs
that have been used by the BUV-type instruments on Nimbus4 and -7 are the A-pair (312.5 and
331.2 nm) and the B-pair (317.5 and 339.8 nm).

A principal shortcoming in the algorithm is the inability to directly determine the pressure at the
reflecting surface boundary. Instead, a pressure level is inferred from the effective reflectivity where
it is assumed that clouds have high UV reflectances, and land and ocean surfaces have low UV re-
flectances. Problems arise when one is confronted with snow and ice cover at the surface. For
latitudes poleward of 55° and R >, 0.8, an effective pressure P = 3/4 Ptmain +1/4 (0.4 atm) is used.
For 0.6 < R < 0.8 and latitudes greater than 55°, the pressure is assumed to decrease linearly from
0.4 atm at R = 0.6 to that given for R > 0.8. Some of the principal sources of error in the algorithm
used to infer total ozone are listed in Table 1 (from Bhartia et al., 1981).

TOTAL OZONE CLIMATOLOGY

The backscattered ultraviolet (BUV) ozone sensor (Figure 1) that was launched in April 1970 on
board the Nimbus<4 satellite continued in operation through 1976, thus providing the longest
satellite ozone data set to date. The total ozone data from this instrument have been processed and
archived in the National Space Science Data Center (NSSDC), Goddard Space Flight Center. These
data have now been analyzed to produce monthly average synoptic analyses and are available from
the NSSDC on magnetic tape.



Table 1

BUYV Total Ozone Error Sensitivity

Scaling Errors
Absorption cross section ~5%
Pseudorandom Errors
Random
Atmospheric % of Component Systematic
Condition Total Data (Rms) Component
LowR ~50% ~2% -
(no cloud/snow)
Cloudy ~40% 2-4% Small (1-2%)
underestimation
(low. lat. only)
Snow ~10% 2-3% Small (1-2%)
overestimation
(mid. lat. only)
Near ~5% 3-6% Temporal spatial
Terminator biases likely (2-3%)

The BUV measured about 500 points per hemisphere per day when operating continuously. The
instrument was operated on a full-time basis from April through December 1970. For this period,
daily analyses were constructed by adjusting a first-guess field (persistence from the previous day)
on a 65 X 65 rectangular array representing a polar stereographic projection utilizing the system of
Yanai (1964) and Cressman (1959). Monthly analyses were obtained by contouring the average of
the daily analyses. After the initial period, spacecraft power limitations forced a reduction in the

data rate, requiring a different analysis procedure.

For the period following December 1970, monthly analyses were derived by averaging the observed
data directly within individual boxes of the same 65 X 65 grid system.

In the maps, blank areas represent missing data, and charts for the following months were not

constructed due to lack of data:

December 1972
December 1973
January 1974
June 1974

July 1974

June 1975

July 1975

August 1975
May 1976

June 1976

July 1976
August 1976
September 1976



For general archival, all charts have been interpolated (or reprocessed) to a 5° latitude, 5° longitude
global grid and are available from NSSDC.

LONG-TERM CHANGES IN TOTAL OZONE

An important application of the Nimbus4 BUV data set is to use it in determining trends. Several
authors, for example, Fleig et al. (1980) and Miller et al. (1982) have compared BUV with Dobson
ground station observations. The year-by-year comparison is listed in Table 2. Here the AD direct
sun observations only are included. The comparison shows a 10 du. decrease in BUV ozone relative
to Dobson, from 1970 to 1975. After 1975, the BUV ozone increases somewhat relative to Dobson.
Analyses of this trend using subsets of selected stations have been made to try to eliminate stations
with unusual and erratic behavior or stations that have had known recalibrations during the BUV
lifetime. The relative decrease from 1970-1975 is observed in each subset of stations and strongly
suggests a BUV instrumental drift of between 5 and 10 Dobson units. The trend after 1975 is more
uncertain because the number of samples is small and the coverage is less uniform.

Table 2
Total Ozone Averages and Standard Deviations for BUV, Dobson, and Difference
BUV Bias Obtained by Using 00/Dobson Codes Only

Year Number BUV Dobson Difference
Ave  std | Ave  Sd | Ave St
1970 1275 316 52 327 54 -11 17
1971 1305 310 51 321 52 -11 18
1972 1003 321 51 335 52 -14 18
1973 425 317 50 336 52 -20 17
1974 417 300 49 321 47 -21 15
1975 363 297 49 319 52 -22 19
1976 304 298 47 316 46 -18 14
1977 103 345 59 358 57 -13 17
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APPENDIX A

MAPS AND CHARTS

OF

MEAN MONTHLY TOTAL OZONE

Measurements in Dobson Units
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